The new aristolactam alkaloid toussalactam {2-hydroxy-1,6-dimethoxy-5H-dibenzo[cdf]indol-4-one} and the known ones, namely aristolactam AII, aristolactam BII, piperolactam C and aristolactam FII; 1-(2-C-methyl-β-D-ribofuranosyl)-uracil, 3,4,5-trimethoxyphenyl-β-D-glucopyranoside, and three catechinoids were isolated from the cytotoxic Toussaintia orientalis Verdc stem and root bark extracts, and their structures established based on analysis of spectroscopic data. The aristolactams exhibited antimicrobial and antiinflammatory activity, aristolactam FII showing almost the same level of activity as the standard anti-inflammatory agent Indomethacin. The compounds also exhibited either mild or no antiproliferative and cytotoxic activities, except aristolactam FII that showed the same level of cytotoxicity as the standard drug Camptothecin. 1-(2-C-Methyl-β-D-ribofuranosyl)-uracil, which is being reported for the first time as a natural product, was inactive in the antibacterial, antifungal, antiinflammatory, antiproliferative and cytotoxicity assays.
In East Africa several Annonaceae species are used as herbal medicines [1, 2] . This has inspired us to investigate the nearly 90 Annonaceae species occurring in Tanzania, some of which having been taxonomically described only recently [3, 4] . Others, such as Toussaintia oriantalis Verdc., are reported to occur only in Tanzania where their ecological habitats are systematically being destroyed through human activities, thus threatening them with imminent extinction. Therefore, our investigations are focused on determining the bioactive or other chemical constituents of such endangered plant species. This paper reports the isolation, structural determination, and anti-bacterial, antifungal, antiproliferative, cytotoxic and antiinflammatory activities of the constituents of T. oriantalis, which include the hitherto unreported aristolactam alkaloid toussalactam (1) , as well as the known analogues aristolactam AII, aristolactam BII, piperolactam C and aristolactam FII (2) (3) (4) (5) [6] [7] [8] , the nucleoside 1-(2-C-methyl-β-Dribofuranosyl)-uracil (6) , previously reported only as a 5a synthetic product [9] , 3,4,5-trimethoxyphenyl-β-Dglucopyranoside [10] , and three catechinoids.
Structure 1 for toussalactam was established based on analysis of spectroscopic data [11, 12] , the C-6 substitution being indicated by the absence of a 1 H NMR signal at ca. δ 7.2 that is diagnostic of H-6 in aristolactams [13] . Furthermore, the 13 C NMR data indicated the two methoxy groups were bis orthosubstituted at C-1 and C-6 {δ  OCH 3 ) = ca. 60 ppm [14] }, the third substituent being a C-2 OH group. The COSY, HMQC and HMBC interactions ( Figure 1 ) indicated the inter-atomic connectivity of the aristolactam skeleton and the substitution pattern of the phenanthrenoid carbacyclic system, thus confirming structure 1.
Aristolactams form a small group of modified aporphinoids that exhibit antibacterial, antimalarial, cytotoxic, and platelet aggregation inhibition activities. These compounds are distributed in the families Annonaceae, Aristolochiaceae, Menispermaceae, Monimimaceae and Piperaceae [7, 15] .
Structure 6 for 1-(2-C-methyl-β-D-ribofuranosyl)-uracil was based on analysis of the 1 H and 13 C NMR spectra, as well as HMBC interactions (Figure 2 ), indicating the presence of a C-2 methylated pentafuranose sugar linked to the uracil moiety through the anomeric carbon. In the 1 H NMR spectrum the J 3 , 4 value of 9.2 Hz was indicative of the β-configuration at the anomeric carbon [16] [17] [18] [19] , as further corroborated from the UV and CD spectra [21] [22] [23] . The CD and 1 H NMR spectral data, as well as the strong H-6/H-3α NOE correlation, also indicated both the anti and C-3α endo conformation for the sugar unit in solution [17] , and an anti orientation for the base. NOE further indicated a cis configuration for 2β-C-Me/H-3α.
Compound 6 is reported for the first time as a plant natural product, which is also unprecedented among nucleosides since so far they have been obtained only from marine sponges [23, 24] . Nucleoside analogues have been used to treat viral infections [26] [27] [28] and are potential leads to new antiviral agents [28] [29] [30] .
The light petroleum, CH 2 Cl 2 and MeOH stem and root bark extracts showed activity in the brine shrimp test (LC 50 72.4, 22.3 and 19.2, and 57.6, 1.3 and 17.2 µg/mL respectively), the stem bark extracts being the most active. This is the source of the aristolactams that showed the highest antibacterial, antiinflammatory, antiproliferative and cytotoxic activities. In the antibacterial assay the aristolactams 1 -5 exhibited growth inhibition effects against M. vaccae, but only mild activity against all other microbial strains, with 1 and 5 more active against the fungi and M. vaccae than against the other organisms tested (Table 1) .
Generally, the active compounds showed better efficacy against bacterial than fungal strains, the fungus P. notatum (P1) being more susceptible as compared with the other fungi, S. salmonicolor and C. albicans. Most of the compounds exhibited moderate activity against P. notatum (P1), compound 1 being the most active against this fungal strain (Table 1) . Against all the test organisms, compound 6 and 3,4,5-trimethoxyphenyl-β-D-glucopyranoside showed no activity.
The results in Table 1 indicate that increased oxygenation of the aristolactam skeleton generally enhanced antibacterial activity, especially at C-6, which also increased antifungal activity. Since inhibition of rat liver cytosol NAD (P) linked 3α-hydroxysteroid dehydrogenase is correlated to anti-inflammatory activity in humans, that test was applied to compounds 3-6, 3,4,5-trimethoxy-phenyl-β-D-glucopyranoside and epicatechin-4β,8-epicatechin (Table 2) . Aristolactams 3-5 were moderately active, epicatechin-4β,8epicatechin was only mildly active, while both 6 and 3,4,5-trimethoxyphenyl-β-D-glucopyranoside were inactive.
Compared with the standard anticancer drugs Taxol ® , Colchicine and Camptothecin, the aristolactams also exhibited some antiproliferative activity, compound 4 being the most potent against L-929, whereas 5 was the most active against the K-562 cell lines (Table 3) , having the same level of cytotoxicity as Camptothecin. 
Brine shrimp test:
This was carried out according to a standard procedure [32] , using brine shrimp (Artemia salina Leach) larvae as the indicator organisms, which were hatched in artificial seawater prepared from sea salt (3.8 g) in distilled water (1000 mL), and then filtered. The mature nauplii were collected after 48 h of hatching. Each sample was tested at concentrations of 240, 120, 80, 40, 24 and 8 μg/mL in DMSO, in triplicate vials, each containing 10 brine shrimp larvae. An additional vial with only the solvent, DMSO, and 10 shrimp larvae was used as the control. The number of surviving larvae after 24 h exposure was established and the LC 50 values (the concentration required to kill 50% of the larvae) were determined using Probit analysis [33] .
Agar diffusion assay for antimicrobial activity (antibacterial and antifungal activity):
The agar diffusion method was used for the determination of antibacterial and antifungal activity of the isolated compounds against the microorganisms listed in Table  5 , obtained from the Hans Knolls Institute for Natural Product Research and Infectious Biology (HKI) in Jena, Germany. Ca. 9 mL of Müller-Hinton agar for bacteria and Sabouraud Dextrose agar for fungi (Oxoid, UK) were poured into Petri dishes (9 cm diameter) and inoculated with the respective test organisms. Wells (4 cm) were punched out of the solid agar using pipette tips, and 1 mL of 50 µg/mL solutions of the test compounds and control antibiotics (Ciprofloxacin, 5 µg/mL and Amphotericin, 10 µg/mL) were placed in each well. The Petri dishes were then incubated at 30ºC and 35ºC for the test bacterial and fungal strains, respectively, for 20 h and the average diameter of the inhibition zone surrounding the wells was measured.
Microplate dilution assay for minimum inhibitory concentrations (MIC) determination:
The minimum inhibitory concentrations (MIC) of the isolated compounds with good antimicrobial activity in the agar diffusion tests were determined using a serial microplate dilution assay against each test bacterial species. This was determined by 2-fold serial dilution of the compounds beyond the level where no inhibition of growth of the bacterial strains The compounds were reconstituted to 100 µg/mL in DMSO and 100 µL aliquots of the fractions were serially diluted by 50% with water in 96-well microplates. Muller-Hinton (MH) broth culture (1%) was inoculated with the test bacteria and then incubated at 37ºC overnight, and 100 µL aliquots of the resulting culture were added to each well. Ciprofloxacin (100 µg/mL) was used as the reference antibiotic and two wells were used as sterility and growth controls, respectively, with the sterility control containing only Oxoid MH broth, while the negative growth control contained both MH broth as well as the test organism. The microplates were sealed and incubated at 37ºC at 100% relative humidity for 18 h. As an indicator of bacterial growth, 40 µL aliquots of a 0.2 mg/mL solution of p-iodonitrotetrazolium violet (INT) dissolved in water were added to the microplate wells.
Antiinflammatory activity [3α-hydroxysteroid dehydrogenase (3α-HSD) assay]:
The source of 3αhydroxysteroid dehydrogenase used in the bioassay was liver from adult male Sprague-Dawley rats (150-200 g). The liver was excised and homogenized in 3 volumes of 50 mM Tris-HCl of pH 8.6 containing 250 mM sucrose, 1 mM dithiothreitol and 1 mM EDTA. Homogenates were centrifuged (100,000 x g for 30 min) and the resulting supernatant (cytosol containing 3αhydroxysteroid dehydrogenase) was used for enzyme assays without further processing, after being prepared according to the method described by Penning [34] , and having attained a final specific activity of 3.58 µM of 5β-dihydrocortisone reduced/min/mg of protein).
The reduction of 5β-dihydrocortisone was monitored by measuring the changes in the absorbance of the pyridine nucleotide at 340 nm. Each assay (1.0 mL) contained potassium phosphate buffer (pH 6.0, 0.840 mL of 1M), NADPH (20 µL of 9 M), 5β-dihydrocortisone (10 µL of 5 mM), and acetonitrile (30 µL). The reactions were initiated by the addition of enzyme (30-50 µg of either cytosolic protein or 0.6 µg of purified enzyme), and optical density change was followed over a period of 5 min. Control incubation experiments by addition of the cytosol in which either 5β-dihydrocortisone or NADPH was absent indicated that the presence of both substances was required before the cytosol would promote a change in absorbance at 340 nm. The % inhibition of the isolated compounds was generated at 30, 3 and 0.3 µg/mL concentration. Increasing amounts of the isolated compound were added to the standard assay system, and the concentration of the compound required to reduce the rate of 5β-dihydrocortisone reductions by 50% (IC 50 ) was computed from the resulting natural logarithm dose-response curves.
Antiproliferative and cytotoxicity assay:
This assay was carried out by the Molecular Natural Product Research group of HKI in Jena, Germany, as described in the literature [35] , using the cell lines K-562 (human chronic myeloid leukemia) and L-929 (mouse fibroblast) for antiproliferative effects (GI 50 , concentration which inhibited cell growth by 50%), and against HeLa cells for cytotoxicity (GC 50 = concentration at which cells were destroyed by 50%; used partially in referring to the lysis of cells). Taxol ® , Colchicine and Camptothecin were used as the standard antiproliferative and cytotoxic drugs.
